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A B S T R A C T
Generalised obesity is increasing in prevalence globally, however trends in abdominal obesity are less well known. In
2003, 1,999 women of childbearing age participated in the Croatian Adult Health Survey, of whom 598 (29.9%) partici-
pated in the second cycle in 2008. For 2008, the prevalence of abdominal obesity using the International Diabetes Federa-
tion (IDF) criterion (waist circumference ³ 80 cm) was estimated at 70.3% (95% CI 61.8% to 75.7%), whereas the preva-
lence of abdominal obesity using the National Cholesterol Education Program, Adult Treatment Panel III (NCEP ATP
III) criterion (waist circumference ³88 cm) was estimated at 48.6% (42.6% to 54.7%). The preceding five-year cumulative
incidence was 54.3% (44.5% to 64.2%) and 35.2% (28.0% to 42.4%) using the IDF and NCEP ATP III criteria, respec-
tively. The burden of abdominal obesity is high and rapidly increasing in Croatian women of childbearing age, the key
population subgroup for obesity control.
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Introduction
Preventing obesity is a complex task that involves
weight control in pregnant women1, interventions in early
childhood – when habits are created related to diet and
physical activity2, adolescence – the age at which peer pres-
sure can lead to increases in unhealthy behaviours3, and
early adult years – when greatest increases in body weight
often occur4,5. The importance of addressing the burden of
obesity among women of childbearing age has repeatedly
been flagged up6,7, and it has recently been proposed that
campaigns aimed at reducing obesity rates should primar-
ily focus on women of childbearing age8. However, little is
known about this population subgroup in obesity research.
Visceral adiposity has been causally linked with mor-
bidity, as well as mortality from cardiovascular disease
and type 2 diabetes9, the major causes of death and dis-
ability worldwide10, as well as in Croatia11. We therefore
set out to study abdominal obesity in Croatian women of
childbearing age12.
In this report we present population estimates of
prevalence and five-year cumulative incidence for ab-
dominal obesity, generalised overweight and obesity, as
well as health behaviours thought to be associated with
developing these traits – physical inactivity, sedentary
lifestyle, unhealthy diet, smoking, and consumption of
alcohol.
Methods
The methodology used in both cycles of the Croatian
Adult Health Survey has been described in detail else-
where13,14. Briefly, in 2003 we surveyed 9,070 adults as
part of a nationally representative study. Of these, in
2008 we revisited and resurveyed 3,229 (35.6%) of the
original participants. Trained visiting nurses conducted
the interviews in participants’ homes. Data were col-
lected on demographic and socioeconomic factors, health
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behaviours, use of health services, history of chronic dis-
eases, use of drugs, health related and overall quality of
life, and perceived stress. Visiting nurses measured waist
and hip circumferences, blood pressure, and pulse rate.
Weight and height were self reported.
Definitions
Women of childbearing age were those aged 18 to 44
years at baseline. Of anthropometrical indices, waist cir-
cumference has been shown to best correlate with the
amount of visceral fat15. We measured waist circumfer-
ence using a tape measure, in a standing position, at the
umbilicus level at the end of a light expirium. We defined
abdominal obesity using two criteria, as has been recom-
mended: waist circumference ³80 cm (the International
Diabetes Federation or IDF criterion) as well as waist cir-
cumference ³88 cm (the National Cholesterol Education
Program, Adult Treatment Panel III or NCEP ATP III
criterion)16,17. Generalised overweight and obesity were
defined using body mass index (weight in kilograms di-
vided by squared height in meters, BMI). Generalised over-
weight was 25BMI<30 and generalised obesity BMI³30.
We considered physically active those women who
were physically active, enough to breathe more heavily
or sweat, on average at least 30 minutes each day at least
four days each week (possible activities included but
were not limited to hiking, running, riding a bicycle,
gym, swimming, and house work); or they walked or rode
a bicycle to and from work in the duration of at least 30
minutes each work day. Sedentary lifestyle was charac-
terised by meeting at least two of three criteria: regularly
using transportation to get to and from work (car, public
transport, motorcycle, or the like); mostly sitting at
work; in leisure time, never or only several times each
year being physically active enough to breathe more
heavily or sweat, for at least 30 minutes (possible activi-
ties included but were not limited to hiking, running,
riding a bicycle, gym, swimming, and house work).
To assess dietary habits, we used exploratory factor
analysis based on a food frequency questionnaire; we
used principal component analysis and oblique rotation.
Two factors were retained, representing a healthy (rich
in fruits, legumes, and varied vegetables, except for pota-
toes, and preferring freshly squeezed juices over sodas)
and an unhealthy (rich in sugar, bread, potatoes, cured
meat delicatessen, sweets, and preferential use of vegeta-
ble oil over olive oil in cooking) dietary pattern. Each
participant was assigned two scores, representing the de-
gree to which she followed each dietary pattern. A woman
was considered to follow an unhealthy diet when her
score for following an unhealthy dietary pattern ex-
ceeded that of her score for following a healthy dietary
pattern.
According to women’s self report, we considered never-
-smokers, former smokers (but not in the past year), and
smokers (daily use of tobacco products). Finally, women
were divided in three groups according to self reported
consumption of alcohol: abstinents, moderate consumers
(on average one drink each day), and excessive consum-
ers (more than one drink each day, on average, or a binge
at least once each month, defined as 6 drinks or more on
one occasion). One drink was defined as one bottle of
beer, 1 decilitre of wine, or 0.3 decilitre of spirits.
We used SAS, version 9.1, SAS institute Inc., Cary,
NC, USA. The study was approved by the Zagreb Univer-
sity School of Medicine Ethics Committee.
Results
A total of 1,999 women of childbearing age partici-
pated in the survey in 2003 (median age 34 years, inter-
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TABLE 1
POPULATION PREVALENCE OF ABDOMINAL OBESITY, GENERALISED OVERWEIGHT AND OBESITY, AND HIGH RISK
HEALTH BEHAVIOURS AMONG CROATIAN WOMEN OF CHILDBEARING AGE
2003
% (95% CI)
2008
% (95% CI)
Abdominal obesity* 50.28 (45.28–55.28) 70.28 (61.81–75.74)
Abdominal obesity† 29.23 (25.34–33.12) 48.64 (42.56–54.72)
Generalised overweight (25BMI<30) 35.62 (30.37–40.86) 52.47 (46.61–58.33)
Generalised obesity (BMI³30) 10.83 (7.93–13.73) 27.21 (22.28–32.14)
Unhealthy diet 52.00 (46.66–57.35) 48.28 (43.93–52.62)
Physical inactivity 61.08 (54.23–67.92) 63.18 (55.43–70.93)
Sedentary lifestyle 54.83 (49.14–60.53) 62.27 (56.81–67.74)
Excessive consumption of alcohol§ 0.97 (0.22–1.73)§ 3.10 (1.42–4.78)§
Smoking 35.15 (29.84–40.47) 32.43 (26.61–38.24)
* IDF (International Diabetes Federation) criterion; waist circumference ³80 cm indicates abdominal obesity
† NCEP ATP III (National Cholesterol Education Program, Adult Treatment Panel III) criterion; waist circumference ³88 cm indi-
cates abdominal obesity
§ unreliable estimate
quartile range 28 to 40 years). In the second cycle, in
2008, we managed to directly or indirectly (through
other household members or neighbours) contact 1,161
of these women (58.08%). Of these, 598 women (51.51%)
agreed to participate in the second cycle of the survey.
Reasons for rejection were time constraints (149 women,
or 15.13%), poor previous experiences with interviewers
(6 women, or 0.61%), lack of interest (128 women, or
12.99%), unable to participate due to illness (20 women,
or 2.03%), death (44 women, or 4.47%), and other rea-
sons (638 women, or 64.77%), which most commonly in-
cluded various combinations of the reasons above.
The prevalence of abdominal obesity according to the
IDF criterion (waist circumference ³80 cm) increased be-
tween 2003 and 2008 from 50.28% to 70.28% (Table 1).
Using the NCEP ATP III criterion (waist circumference
³88 cm), the prevalence increased from 29.23% to 48.64%.
We also detected an increase between the two survey cy-
cles for generalised overweight and obesity, as well as for
high risk behaviours physical inactivity, sedentary life-
style, and excessive consumption of alcohol; the latter es-
timate however was considered unreliable due to a high
coefficient of variability. Decreases were seen between
the two survey cycles in the prevalence of unhealthy diet
and smoking.
In the subgroup of women with waist circumference
below 80 cm in 2003, the five-year cumulative incidence of
abdominal obesity as per the IDF criterion was estimated
at 54.34% (Table 2). Among these women, the prevalence
of most high risk behaviours declined between the two
survey cycles, except for sedentary lifestyle, the preva-
lence of which increased from 55.25% to 61.46%.
Among women without abdominal obesity according to
the NCEP ATP III criterion in 2003, 35.20% were abdomi-
nally obese five years later (Table 3). Between the two sur-
vey cycles, the prevalence of unhealthy diet and smoking
decreased in this subgroup, whereas the prevalence of
physical inactivity and sedentary lifestyle increased.
Discussion
Our results show a high and quickly increasing bur-
den of abdominal obesity among Croatian women of
childbearing age. Prevalence was already high at base-
line, in 2003, with about half of women abdominally
obese, as defined by the 80 cm waist circumference
cut-off, and nearly a third as defined by the 88 cm cut-off.
Moreover, by 2008, about 70% of women were abdomi-
nally obese using the 80 cm cut-off, and nearly half using
the 88 cm cut-off. Over the five studied years, more than
half of Croatian women of childbearing age became ab-
dominally obese using the 80 cm waist circumference
cut-off, and more than a third became abdominally obese
using the 88 cm cut-off. The rise in the burden of abdomi-
nal obesity exceeded that of a rise in generalised over-
weight and obesity, which is consistent with some previ-
ous reports18–20 but not with others21,22.
Also of concern are high prevalence rates of high risk
health behaviours. Our estimates indicate that nearly
half of Croatian women of childbearing age ate un-
healthy diets and nearly two thirds were physically inac-
tive or even sedentary in 2008. From a general public
health perspective, it is encouraging to see that the prev-
alence of smoking dropped below a third between the two
survey cycles, from 35.15% in 2003 to 32.43% in 2008, al-
though this may have contributed to an increase in the
prevalence of obesity. It is also good to see that more than
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TABLE 2
FIVE-YEAR CUMULATIVE INCIDENCE OF ABDOMINAL OBESITY
AND PREVALENCE OF HIGH RISK HEALTH BEHAVIOURS
AMONG WOMEN FREE OF ABDOMINAL OBESITY AT BASELINE*
Women free of abdominal obesity at baseline*
% (95% CI)
Five-year cumulative incidence 54.34 (44.54–64.15)
Physical inactivity 2003 64.07 (56.34–71.79)
2008 61.63 (52.22–71.05)
Sedentary lifestyle 2003 55.25 (48.27–62.23)
2008 61.46 (55.77–67.15)
Unhealthy diet 2003 48.99 (41.29–56.69)
2008 45.38 (38.63–52.12)
Excessive consumption
of alcohol†
2003 1.28 (–0.00–2.56)†
2008 4.19 (1.53–6.86)†
Smoking 2003 41.64 (34.17–49.11)
2008 38.11 (29.64–46.58)
* IDF (International Diabetes Federation) criterion; waist cir-
cumference ³80 cm indicates abdominal obesity
† unreliable estimate
TABLE 3
FIVE-YEAR CUMULATIVE INCIDENCE OF ABDOMINAL OBESITY
AND PREVALENCE OF HIGH RISK HEALTH BEHAVIOURS
AMONG WOMEN FREE OF ABDOMINAL OBESITY AT BASELINE*
Women free of abdominal obesity at baseline*
% (95% CI)
Five-year cumulative incidence 35.20 (27.98–42.42)
Physical inactivity 2003 61.71 (53.91–69.51)
2008 63.21 (54.48–71.93)
Sedentary lifestyle 2003 56.16 (47.83–64.49)
2008 65.70 (59.20–72.21)
Unhealthy diet 2003 49.39 (43.96–54.82)
2008 47.42 (42.49–52.35)
Excessive consumption
of alcohol†
2003 1.03 (0.08–1.98)†
2008 3.49 (1.36–5.62)†
Smoking 2003 38.34 (31.89–44.79)
2008 36.46 (28.46–44.45)
* NCEP ATP III (National Cholesterol Education Program, Adult
Treatment Panel III) criterion; waist circumference ³88 cm
indicates abdominal obesity
† unreliable estimate
half of Croatian women of childbearing age consume on
average one alcoholic drink each day, as such consump-
tion levels may protect against cardiovascular disease,
compared with abstinence or higher consumption23. Still,
it is unclear how reliable these estimates are, given the
self reported nature of the data and a very low proportion
of women who reported consuming on average more than
one drink per day. Socially desirable answers may have
taken place of truthful answers in some instances, but
our survey did not contain a »lie» item that would allow
for estimating this with any certainty.
Baseline characteristics differed somewhat between
respondents to both cycles and those who only partici-
pated in 2003 (data not shown). Those who chose to par-
ticipate in the second cycle more often ate unhealthy di-
ets and were more often sedentary at baseline, compared
with women who only participated in the first cycle.
However, we did not detect any differences between
these two groups in baseline abdominal obesity, physical
inactivity, smoking, or alcohol consumption. Socioeco-
nomically disadvantaged womenmore often chose to par-
ticipate in the second cycle, and abdominal obesity was
more common among women with lower socioeconomic
position. For these reasons, it seems that our results may
be somewhat overestimated. Still, we believe we have
demonstrated worryingly high prevalence and incidence
rates of abdominal obesity among Croatian women of
childbearing age, which require immediate policy atten-
tion and public health action.
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PREVALENCIJA I PETOGODI[NJA KUMULATIVNA INCIDENCIJA ABDOMINALNE PRETILOSTI U
@ENA FERTILNE DOBI U HRVATSKOJ
S A @ E T A K
Predlo`eno je da se javnozdravstveni napori koji za cilj imaju kontrolu pretilosti usredoto~e na `ene fertilne dobi.
Prevalencije su prekomjerne generalizirane debljine i generalizirane pretilosti u porastu, kako globalno tako i u Hrv-
atskoj, me|utim slabije su istra`eni trendovi u prevalenciji abdominalne pretilosti. U prvom krugu Hrvatske zdrav-
stvene ankete 2003. godine sudjelovalo je 1.999 `ena fertilne dobi, od kojih je 598 (29,9%) sudjelovalo i u drugom krugu
2008. godine. Patrona`ne sestre mjerile su struk sudionica u oba kruga ankete. Za 2008. godinu, procijenili smo da je
prevalencija abdominalne pretilosti po IDF kriteriju (od International Diabetes Federation) (opseg struka ³80 cm) me|u
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`enama fertilne dobi u Hrvatskoj bila 70,3% (95% CI 61,8% do 75,7%). Iste godine, prevalencija abdominalne pretilosti
po NCEP ATP III kriteriju (od National Cholesterol Education Program, Adult Treatment Panel III) (opseg struka ³88
cm) bila je u ovoj populacijskoj podskupini 48,6% (42,6% do 54,7%). Kumulativna incidencija za prethodno petogodi{nje
razdoblje iznosila je 54,3% (44,5% do 64,2%) po IDF kriteriju odnosno 35,2% (28,0% do 42,4%) po NCEP ATP III kri-
teriju. Zaklju~ujemo da je breme abdominalne pretilosti veliko i pokazuje brzi trend rasta me|u `enama fertilne dobi u
Hrvatskoj, klju~noj populacijskoj podskupini za kontrolu pretilosti.
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